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Honorable  Brendan  T.  Byrne 
Governor  of  New  Jersey 
Trenton,  New  Jersey  08621 

‘-jib  'll 

Dear  Governor  Byrne : 


1 9 SEP  1978 


Inclosed  Is  the  Phase  I Inspection  Report  for  Pines  Lake  Dam  in 
Passaic  County,  New  Jersey  %rt\ich  has  been  prepared  under  authorization 
of  the  Dan  Inspection  Act,  Public  Law  92-367.  A brief  assessment  of 
the  dam's  condition  Is  given  on  the  first  three  pages  of  the  report. 


Baaed  on  visual  inspection,  available  records,  calculations  and  past 
operational  performance.  Pines  Lake  Dam,  a high  hazard  potential 
structure,  is  Judged  to  be  in  fairly  good  overall  condition.  However, 
the  dam's  spillway  is  considered  inadequate  since  50  percent  of  the 
Probable  Maximum  Flood  (PMF)  would  overtop  the  dam.  To  insure  adequacy 
of  the  structure,  the  following  actions,  as  a minimum,  are  recommended: 

a.  The  spillway's  adequacy  should  be  determined  by  a qualified 
professional  consultant,  engaged  by  the  owner,  using  more  sophisticated 
methods,  procedures  and  studies  initiated  within  one  month  and  completed 
within  six  months  from  the  date  of  approval  oF  this  report.  Any 
remedial  measures  necessary  to  insure  the  adequacy  of  the  spillway  and 
to  prevent  overtopping  should  be  initiated  within  calendar  year  1979. 

In  the  interim,  detailed  emergency  operation  and  evacuation  plans  and 
a warning  system,  should  be  promptly  developed.  Also,  during  periods 
of  unusually  heavy  precipitation,  around-the-clock  surveillance  should 
be  provided. 

b.  Within  one  month  from  the  date  of  approval  of  this  report 
engineering  studies  and  analyses  should  be  initiated  to  assess  the 
seepage  conditions  of  the  abutments  and  valley  bottom,  particularly 
the  left  (cast)  abutment  area,  and  to  investigate  the  effect  of  this 
seepage  on  the  structural  atabllity  of  the  dan.  Any  remedial  measures 
found  necessary  should  be  initiated  within  calendar  year  1979. 
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c.  Within  six  months  of  the  date  of  approval  of  this  report, 
engineering  studies  and  analyses  should  be  initiated  to  develop 
remedial  measures  to  repair  the  badly  undermined  stilling  basin  concrete 
weir  located  approximately  40  feet  downstream  from  the  dam.  The 
recommended  repairs  should  be  Initiated  within  calendar  year  1979. 

d.  The  following  actions  should  be  taken  within  the  below  listed 
times  from  the  date  of  approval  of  this  report: 

(1)  The  eroded  gully  located  along  the  downstream  toe  of  the  dam 
at  the  left  abutment  area  should  be  properly  filled  and  stabilized 
within  six  months. 

(2)  A new  outlet  pipe  or  other  system  to  drawdown  the  lake  should 
be  installed  within  one  year. 

(3)  Spalled  concrete  and  gunlte  on  the  dam,  roadway,  and  supporting 
cantilever  sections  should  be  repaired  periodically  to  prevent  further 
deterioration. 

A copy  of  the  report  is  being  furnished  to  Mr.  Dirk  C.  Hofman,  New 
r Jersey  Department  of  Environmental  Protection,  the  designated  State 

^ Office  contact  for  this  program.  Within  five  days  of  the  date  of  this 

letter,  a copy  will  also  be  sent  to  Congressman  Robert  A.  Roe  of  the 
Eighth  District.  Under  the  provisions  of  the  Freedom  of  Information 
Act,  the  Inspection  report  will  be  subject  to  release  by  tills  office, 
upon  request,  five  days  after  the  date  of  this  letter. 

Additional  copies  of  this  report  may  be  obtained  from  the  National 
Technical  Information  Services  (NTIS) , Springfield,  Virginia,  22161 
at  a reasonable  cost.  Please  allow  four  to  six  weeks  from  the  date  of 
this  letter  for  NTIS  to  have  copies  of  the  report  available. 

An  Important  aspect  of  the  Dam  Safety  Program  will  be  the  implementation 
of  the  recommendations  made  as  a result  of  the  Inspection.  We  accordingly 
request  that  we  be  advised  of  proposed  actions  taken  by  the  State  to 
Implement  our  recommendations. 

Sincerely  yours. 


1 Incl 
As  stated 


^ .T0EL  T.  CAMjMIAN 


V I.leutenant  Colonel,  Corps  of  Engineers 
Acting  District  Engineer 


Cy  furn: 

Mr.  Dirk  C.  Hofman,  P.E.,  Deputy  Director 
Division  of  Water  Resources 
N.  J.  Dept,  of  Environmental  Protection 
P.O.  Box  2809 

Trenton,  NJ  08625  2 


PINES  LAKE  DAM 
Inventory  Number:  00250 


1 


Corps  of  Ehglneers  Assessment  of  General  Conditions 


IMs  dam  was  Inspected  on  19  June  1978  by  Michael  Baker,  Jr. , Consulting 
Fliglneers  under  contract  to  the  U.  S.  Arriv  Eingineer  District,  Philadelphia, 
in  accoixiance  with  the  EJational  Dam  Inspection  Act,  P.L.  92-367. 

The  Pines  Lake  Dam,  a hl0i  hazard  potential  structure,  l.s  Judgc-d  to  be  in 
fairly  good  overall  condition.  However,  the  dam's  spillway  Is  considered 
Inadequate  since  50  percent  of  the  Prxjbable  Maximum  Flood  (ITIF)  would 
overtop  the  dam.  To  insure  adequacy  of  the  structure,  the  following  actions, 
as  a minimum  are  recoitiriended : 

a.  The  spillway's  adequacy  should  be  detemlned  by  a qualified  pro- 
fessional consultant,  engaged  by  tlie  owner,  using  more  sophlslcated  methods, 
procedures  and  studies  initiated  within  one  month  and  completed  vrlthin 

six  months  from  the  date  of  approval  of  this  report.  Any  remedial  measures 
necessary  to  insure  the  adequacy  of  the  spillway  and  to  prevent  overtopping 
should  be  Initiated  within  calendar  year  1979.  In  the  Interim,  detailed 
emergency  operation  & evacuation  plans  and  a warning  system,  should  be 
prorrptly  developed.  Also,  during  periods  of  unusually  heavy  precipitation 
around-the-clock  surveillance  should  be  pixDvlded. 

b.  Within  one  month  from  the  date  of  approval  of  this  report  engineering 
studies  and  analysis  should  be  Initiated  to  assess  the  seepage  conditions 

of  the  abutments  and  valley  bottom,  particularly  the  left  (east)  abutment 
area,  and  to  Investigate  the  effect  of  this  seepage  on  the  structural  stabil- 
ity of  the  dam.  Any  remedial  measures  found  necessary  should  be  initiated 
within  calervdar  year  1979. 

c.  Within  six  months  of  the  date  of  approval  of  this  report  engineering 
studies  and  analysis  should  be  Initiated  to  develop  remedial  measures  to  re- 
pair the  badly  undermined  stilling  basin  concrete  weir  located  approximately 
^40  feet  downstream  from  the  dam.  The  reconmended  repairs  should  be  initiated 
within  calendar  year  1979. 

d.  The  following  actions  should  be  taken  within  the  below  listed  times 
from  the  date  of  approval  of  this  report: 

'Ihe  eroded  gully  located  along  tlie  downstream  toe  of  the  dam  at  the  left 
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A new  outlet  pipe  or  other  system  to  drawdown  the  lake  should  be  Installed 
within  one  year. 

Spalled  concrete  and  gunlte  on  the  dam,  roadway,  and  supporting  cantilever 
sections  should  be  repaired  periodically  to  prevent  farther  deterioration. 
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PHASE  I REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 

Name  of  Dam  - Pines  Lake  Dam,  Passaic  County,  New  Jersey 

Stream  - Haycock  Brook 
Date  of  Inspection  - 19  June  1978 


ASSESSMENT  OF 
GENERAL  CONDITIONS 

Pines  Lake  Dam  is  a concrete  arch  dam  approximately  42  feet 
high  and  127  feet  long,  owned  and  operated  by  the  Pines  Lake 
Association,  Wayne,  New  Jersey. 

The  visual  inspections  and  review  of  engineering  data,  made 
in  June  1978,  indicate  no  serious  deficiencies  requiring 
emergency  attention.  It  is  recommended,  however,  that  the 
owner  should  immediately  retain  a qualified  consultant  to 
conduct  further  investigation  on  the  seepage  conditions  of 
both  abutments,  particularly  the  east  eibutment  area.  The 
investigation  should  include  an  assessment  of  the  effect  of 
seepage  on  the  structural  stability  of  the  dam  and  should 
develop  necessary  remedial  measures.  It  is  also  recommended 
that  the  owner  engage  an  engineering  consultant  to  develop 
permanent  remedial  measures  to  repair  the  badly  undermined 
stilling  basin  concrete  weir  and  develop  emergency  operations 
procedures  for  the  deim  and  reservoir,  including  emergency 
warning  and  evacuation  plans  for  areas  which  will  be  affected 
in  the  event  of  a dam  failure. 

Hydraulic/hydrologic  evaluations  performed  in  accordance 
with  established  Corps  of  Engineers  procedures  for  Phase  I 
Inspection  Reports  revealed  that  the  spillway  will  not  pass 
the  Probeible  Maximum  Flood  without  overtopping  the  deun. 
Therefore,  the  owner  should  soon  initiate  an  engineering 
study  to  evaluate  the  spillway  capacity  and  to  develop 
recommendations  for  remedial  measures  to  reduce  the  over- 
topping potential  of  the  deim. 


MICHAEL  BAKER,  JR^  INC 


Michael  Baker,  III,  P.B<^ 
Chairman  of  the  Board  and 
Chief  Executive  Officer 
Registration  Nxunber  13385 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
NAME  OF  DAM:  PINES  LAKE  DAM,  ID#  NJ  00250 


SECTION  1 - PROJECT  INFORMATION 


1.1  GEl^RAL 

a.  Authority  - This  report  is  authorized  by  the 
National  Dam  Inspection  Act,  Piiblic  Law  92-367, 

92nd  Congress,  H.R.  15951  enacted  8 August  1972 
and  has  been  prepared  in  accordance  with  Contract 
No.  DACW61-78-C-0141  between  Michael  Baker,  Jr,, 
Inc.  and  the  U.S.  Army  Corps  of  Engineers,  Phila- 
delphia District. 

b.  Purpose  of  Inspection  - The  purpose  of  this  inspec- 
tion IS  to  evaluate  the  general  condition  of  Pines 
Lake  Dam  with  respect  to  safety  of  the  facility 
based  upon  available  data  and  visual  inspection. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances  - The  Pines 
Lake  Dam  consists  of  a gravity  arch  approximately 
42  feet  high  and  127  feet  long.  Seepage  control 
is  provided  by  concrete  abutments  keyed  into  the 
bedrock,  interbedded  shale  and  sandstone.  The 
intake  structure  (and  outlet  works)  consists  of  a 
36  inch  diameter  sluice  gate  which  is  no  longer 
operational.  The  discharge  is  controlled  by  a 
variable  height  dropped-crest  section.  The  spill- 
way is  a broad  crested  weir. 

b.  Location  - Pines  Lake  Dam  is  located  on  the  Haycock 
Brook  approximately  six  miles  east  of  the  town  of 
Pompton  Lakes,  Passaic  County,  New  Jersey. 

c.  Size  Classification  - The  maximum  height  of  the 
dam  is  42  feet.  The  reservoir  volume  to  the  top 
of  dam  is  6400  acre-feet.  Therefore,  the  dam  is 
in  the  "Intermediate"  size  category  as  defined  by 
the  "Recommended  Guidelines  for  Safety  Inspection 
of  Dams . " 

d.  Hazard  Classification  - Due  to  the  proximity  of 
the  town  of  Pompton  Lake,  New  Jersey,  with  a 
population  of  about  11,000,  many  lives  could  be 
lost  in  the  event  of  failure  of  the  dam.  There- 
fore, this  dam  is  considered  in  the  "High"  hazard 
category  as  defined  by  the  "Recommended  Guidelines 
for  Safety  Inspection  of  Dams." 
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Ownership  - The  dam  is  owned  by  the  Pines  Lake 
Association,  Wayne,  New  Jersey. 


f.  Purpose  of  Dam  - The  dam  is  used  for  recreational  I 

purposes . ! 

i 

g.  Design  and  Construction  History  - The  existing 
facility  was  designed  for  the  owner  by  William  I. 

Whitmore  Engineerings  of  Peterson,  New  Jersey  and 
F.  W.  Schwiers,  Jr.,  Consulting  Engineer  of  New 
York,  New  York.  The  dam  was  built  by  F.  W.  Schwiers, 

Jr.,  Inc.,  New  York,  beginning  in  May  1927. 

Construction  was  completed- in  October  1927. 

h.  Normal  Operational  Procedures  - No  formal  operating 
procedures  are  followed  for  the  dam.  The  Pines 
Lake  Association  is  responsible  for  the  operation 
and  maintenance  of  the  dam. 

1.3  PERTINENT  DATA 

a.  Drainage  Area  - The  drainage  area  of  the  Pines 
Lake  Dam  is  3.7  square  miles. 

b . Discharge  at  Dcimsite  - The  maximum  flow  at  the 
dams ite  through  the  dropped-crest  section  is  not 
known. 

c . Elevation  [feet  above  Mean  Sea  Level  (M.S.L.)]  - 
Top  of  Dam  - 261.0 

Maximum  Pool  (Design  Discharge)  - 258.3  (144  c.f.s. 

at  one  foot  head) 

Recreation  Pool  - 257.30 
Strecimbed  at  Centerline  of  Dam  - 219.0 
Maximum  Tailwater  - Not  available 

d.  Reservoir  (miles)  - 

Length  of  Maximum  Pool  - 1.1  approximately 
Length  of  Recreation  Pool  - one 

e . Storage  (acre-feet)  - 

At  Spillway  Crest  (El.  257.30)  - 5880  (from  Appendix  C) 

Top  of  Dam  (El.  261.0)  - 6400  (estimated  from  U.S.G.S. 

7 . 5 minute  topographic 
quadrangle ) 

f . Reservoir  Surface  (acres)  - 

Top  of  Dam  - 146.0 
Spillway  Crest  - 134.0 
Maximum  Pool  - Not  available 
Normal  Pool  - 134.0 
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Type  - Concrete  arch 

Length  - 127  feet 

Height  - 42  feet 

Top  Width  - 8.0  feet 

Side  Slopes  - Upstreeun  - Vertical 

Downstreeun  - Approximately  one  horizontal 
to  five  vertical  (1:5) 
Impervious  Core  - Not  applicable 
Cutoff  - Not  applicable 

h.  Diversion  and  Regulating  Tunnel  - None 

i . Spillway  - 

Type  - Broad  crested  weir 

Length  of  Weir  - 50  feet  ( five  weirs  with 

10  feet  widths) 

Crest  Elevation  - 257.30  feet  (M.S.L.) 

Gates  - None 

Downstreaun  Chanriel  - A plunge  pool  extends  approx- 
imately 40  feet  downstream  from  the  toe  of  the 
dam.  Average  width  is  40  feet,  and  the  average 
depth  of  the  pool  was  found  to  be  2.5  feet. 

j . Regulating  Outlets  - None 
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2.1 


DESIGN 


Design  information  reviewed  included: 

1)  Drawings:  "Plans  for  a Concrete  Arch  Dam  at  Pompton, 

New  Jersey"  by  W.  L.  Whitmore  and  F.  W. 
Schwiers,  Jr.,  4 March  1927; 

"Pines  Lake  Corporation  - Design  for 
Roadway  on  Top  of  Deun, " by  F.  W.  Schweirs,  Jr., 
14  July  1927,  and  its  revised  drawing 
dated  16  July  1927.  Those  three  drawings, 
showing  plan,  elevation  and  section  of 
the  dam,  are  contained  in  the  microfiche 
files  of  New  Jersey  Department  of  Environ- 
mental Protection  (N.J.D.E.P.) 

2)  Notes,  correspondence,  original  application  for 

the  dam,  some  monthly  construction  progress  reports, 
and  occasional  inspection  reports  from  microfiche 
files  of  N.J.D.E.P.  Only  documents  available  from 
1927  to  1968  in  the  microfiche  files  are  available 
for  review. 

2.2  CONSTRUCTION 


The  dam  was  constructed  between  May  and  October  1927  by 
F.  W.  Schwiers,  Jr.,  Co.,  Engineers  and  Contractors  of 
New  York  City.  Construction  progress  reports  are  on 
file  at  the  N.J.D.E.P.  No  "as  built"  drawings  of  the 
dam  were  available  for  review.  Observations  during  the 
field  inspection  indicate  that  visible  portions  of  the 
dam  were  generally  constructed  in  accordance  with  the 
desi^  drawings  prepared  by  W.  L.  Whitmore  and  F.  W. 
Schwiers  in  March  1927. 

Chemical  (AM-9)  grouting  of  the  downstream  right  abutment 
rock  was  done  by  Sprague  and  Kenwood  of  Scranton, 
Pennsylvania  during  November  and  December  of  1961.  The 
stilling  basin  concrete  weir,  40  feet  downstream  from 
the  deuti,  was  reconstructed  in  1962.  A sewer  line  was 
constructed  across  the  valley  on  support  bents  80  feet 
downstream  from  the  dam  in  1965.  Areas  of  spalled 
concrete  on  the  upstrecun  and  downs trecun  faces  of  dam 
were  treated  with  gunite,  and  the  outlet  conduit  was 
plugged  with  concrete  in  1967. 
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2.3  OPERATION 


The  Pines  Lake  Association  is  responsible  for  the 
operation  and  maintenance  of  the  Pines  Lake  Dam  which 
includes  maintaining  the  smaller  downstream  concrete 
weir.  The  concrete  weir  is  used  to  contain  a small 
plunge  pool  to  prevent  scour  at  the  downstream  toe  of 
Pines  Lake  Deun. 

2.4  EVALUATION 

The  readily  available  information  in  the  microfiche 
files  of  the  N.J.D.E.P.;  an  inspection  report  dated 
October  8,  1976  prepared  by  Thor  Engineers  of  Newark, 

New  Jersey  and  New  York,  New  York;  plus  observations 
made  during  the  field  inspection  are  considered  adequate 
for  the  purposes  of  this  Phase  I Inspection  Report. 


k 
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SECTION  3 - VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General  - The  dam  and  its  appurtenant  structures 
were  found  to  be  in  fairly  good  overall  condition 
at  the  time  of  inspection.  Most  of  the  problems 
noted  during  the  visual  inspection  are  considered 
minor  and  do  not  require  immediate  remedial  treat- 
ment. The  problems  requiring  immediate  attention 
are  the  areas  of  seepage  at  both  abutment  areas, 
particularly  the  east  adsutment  area.  The  seepage 
quantity  in  the  east  eibutment  area  appeared  to 
have  increased  since  the  inspection  performed  in 
October  1976  by  the  owner's  consultant,  Thor 
Engineers.  It  is  impossible  to  assess  from  the 
type  of  visual  inspection  performed  for  this 
Phase  I Inspection  Report;  the  extent  to  which  the 
observed  seepage  will  affect  the  structural  integrity 
of  the  dcun.  For  this  reason,  it  is  recommended 

that  the  owner  immediately  retain  a qualified 
consultant  to  evaluate  and  rectify  this  condition. 

The  other  problem,  which  requires  immediate  attention, 
is  the  erosion  condition  in  front  of  the  dam  at 
the  left  abutment  area. 

Other  significant  observations  made  during  visual 
inspection  of  Pines  Lake  Dam  by  Michael  Baker,  Jr., 
Inc.  are  presented  briefly  in  the  following  para- 
graphs. The  complete  visual  inspection  check  list 
is  given  in  Appendix  A. 

b.  Deun  and  Appurtenant  Structure  - The  visual  inspec- 
tion of  Pines  Lake  Dam  performed  on  19  June  1978 
revealed  that  the  deim  structure  was  in  fairly  good 
condition.  The  downstreeun  face  of  the  dam  and  the 
crest  showed  evidence  of  gunite  repair.  The 
gxmite  was  in  fair  condition  with  a four  feet  long 
crack  adjacent  to  the  right  rock  cd>utment  approxi- 
mately six  feet  above  water  level . There  was 
evidence  of  a ripple  effect  in  the  gunite  to  the 
right  of  the  overflow  spillway.  This  condition 
may  be  due  to  the  presence  of  water  between  the 
gunite  and  the  original  concrete. 

No  gunite  was  noted  to  be  present  beneath  the 
overflow  spillway.  There  was  evidence  of  minor 
spalling  in  the  area. 

There  was  also  spalling  of  the  gunite  in  the  area 
adjacent  to  the  left  eibutment  just  above  water 
level . 
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The  concrete  roadway  and  supporting  concrete 
cantilever  sections  were  badly  spalled,  and  evi- 
dence of  calcite  was  present  throughout. 

A two  feet  high  concrete  weir  located  approxi- 
mately 40  feet  downstream  of  the  deun,  that  was 
built  in  1962,  has  been  undermined.  Consequently, 
water  was  flowing  under  the  weir  at  the  time  of 
inspection.  The  function  of  the  weir  is  to  create 
a plunge  pool  to  act  as  an  energy  dissipator. 

Seepage  was  observed  near  both  rock  abutments.  It 
is  believed  that  the  seepage  has  been  present  for 
quite  some  time.  The  seepage  at  the  right  abutment 
was  minimal  flowing  at  approximately  one  g.p.m. 

This  rock  abutment  had  been  grouted  in  1961.  The 
seepage  at  the  left  ediutment  was  more  significant 
with  an  approximate  rate  of  about  seven  g.p.m., 
which  was  an  increase  over  the  estimated  three 
g.p.m.  observed  in  October  1976.  The  seepage  was 
present  at  higher  ground  elevations,  indicating 
flow  from  the  reservoir  as  opposed  to  normal 
groundwater  flow.  The  seepage  was  generally 
confined  to  the  area  just  downstream  of  the  dam. 

An  erosion  gully  was  present  along  the  downstream 
toe  of  the  dam  at  the  left  abutment  area.  If  some 
remedial  work  is  not  done,  this  erosion  condition 
will  worsen. 

c.  Reservoir  Area  - Most  of  the  reservoir  slopes  are 
relatively  flat  and  well -fores ted;  some  are  grass 
covered.  The  reservoir  slopes  are  predominately 
glacial  soil,  and  there  is  evidence  of  some  localized 
erosion. 

d.  Downstream  Channel  - The  channel  downstream  from 
the  stilling  basin,  which  has  a gradient  of  approxi- 
mately two  percent,  is  the  natural  streeun  channel 

of  Haycock  Brook.  The  stream  channel  is  approxi- 
mately 18  to  20  feet  wide,  and  the  bottom  of  the 
channel  is  mostly  covered  with  small  to  medium 
size  rock  fragments.  A few,  large,  fallen  trees 
were  partially  blocking  the  stream  channel  in  a 
sharp  bend  700  feet  downstream  from  the  dam.  The 
downstream  channel  area  slopes  are  moderately 
sloping  except  for  a conglomeritic  sandstone  cliff 
eibout  30  feet  high  on  the  northwest  side  of  the 
stream,  200  to  300  feet  downstream  from  the  dam. 

The  slopes  are  heavily  forested  with  mature  stands 
of  trees. 
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3.2  EVALUATION 


The  dam  shows  no  evidence  of  slope  instability  or 
structural  deficiencies.  There  is  no  evidence  of  any 
major  scour  conditions  at  the  base  of  the  deim;  however,  if 
the  concrete  weir  which  contains  the  plunge  pool  continues 
to  deteriorate  and  is  not  capedsle  of  containing  a 
sufficient  amount  of  water,  a scour  problem  will  develop. 

The  seepage  conditions  on  both  ed)utments  should  be 
investigated  further,  especially  in  the  left  (east) 
abutment  since  the  condition  is  progressively  worsening. 
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SECTION  4 - OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

Operational  procedures  are  generally  discussed  in 
paragraphs  1 . 2 • h and  2.3. 

There  is  no  formal  written  procedure  for  emergency 
downstream  evacuation  in  the  event  of  impending  catas- 
trophe; however,  if  conditions  warrant  such  measures, 
the  local  authorities  would  be  notified  and  appropriate 
evacuation  measures  would  be  taken.  It  is  recommended 
that  a formal  emergency  procedure  be  prepared  and 
prominently  displayed,  and  furnished  to  all  appropriate 
personnel . 

Rapid  emergency  drawdown  is  impossible  as  there  are  no 
functional  outlet  works . Water  must  be  pumped  or 
siphoned  over  the  dam  to  drawdown  the  lake.  Consider- 
ation should  be  given  to  developing  emergency  operating 
procedures . 

4.2  MAINTENANCE  OF  DAM 

The  Pines  Lake  Association  is  responsible  for  the 
maintenance  of  the  dam.  At  the  time  of  this  report 
preparation,  the  association  did  not  have  a regular 
maintenance  schedule  for  Pines  Lake  Dam. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 

The  Pines  Lake  Association  is  responsible  for  main- 
taining the  dam  and  its  facilities.  Very  little  mainte- 
nance is  required,  as  there  is  no  operating  equipment 
which  must  be  maintained.  Periodically,  the  associa- 
tion will  hire  a consultant  to  inspect  the  dcun. 

4.4  WARNING  SYSTEMS 

At  present,  there  are  no  warning  systems  in  operation 
for  this  dam. 

4.5  EVALUATION 

Maintenance  of  the  operating  facilities  and  the  deun  in 
general  is  adequate.  There  are  no  items  which  require 
constant  maintenance,  and  the  Pines  Lake  Association 
conducts  periodic  inspections . 
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SECTION  5 - HYDRAULIC/HYDROLOGIC 


I 

I 

5.1  EVALUATION  OF  FEATURES 

a.  Design  Data  - Very  limited  data  is  available  in 
the  microfiche  files  ofN.J.D.E.P. 

b.  Experience  Data  - Experience  data  was  not  avail- 
able for  review  and  evaluation. 

c.  Visual  Observations  - Observation  during  the  field 
inspection  of  the  dam  indicated  that  the  spillway 
functions  in  the  manner  for  which  it  was  designed. 

Minor  spalling  of  concrete  was  observed  on  the 
central  weir.  A small  aunount  of  calcite  deposit 
on  the  concrete  was  noted  on  the  four  remaining 
weirs.  The  two  feet  high  stilling  basin  weir 
located  approximately  40  feet  downstream  from  the 
dam  was  observed  to  be  undermined  along  most  of 
its  length. 

d.  Overtopping  Potential  - The  Pines  Lake  Dam  is 
classified  as  a "High"  hazard- "Intermediate"  size 
dam  requiring  evaluation  for  a spillway  design 
flood  equal  to  the  Probable  Maximum  Flood  (P.M.F.). 

The  spillway  is  composed  of  a series  of  five 
rectangular  10  feet  wide  notches  separated  by 
piers  and  symetical  about  the  centerline  of  the 
arch  dam.  The  central  notch,  at  El.  257.3,  carries 
normal  flow  while  the  others  (two  at  El.  257.5  and 
two  at  El.  257.8)  assist  during  floods.  Directly 
above  the  notches  and  on  top  of  the  piers  is  a 
roadway.  The  low  chord  is  at  El.  259.5  and  the 
top  at  road  at  El.  261.0.  The  spillway  rating 
curve  was  developed  by  methods  presented  in  the 
Handbook  of  Hydraulics  by  King  and  Bra ter  using 
design  drawings  and  field  measurements  to  obtain 
spillway  dimensions.  The  maximum  spillway  capac- 
ity of  800  c.f.s.  is  developed  when  the  pool  level 
is  at  top  of  deun  El.  261.0. 

The  hydrologic  analysis  to  determine  the  P.M.F. 
was  developed  by  using  methods  presented  in  Design 
of  Small  Dams,  a U.S.  Bureau  of  Reclamation  publica- 
tion; EM-1110-2-163,  a U.S.  Army  Corps  of  Engineers 
publication;  and  with  the  aid  of  the  HEC-1  Flood 
Hydrograph  Package,  a U.S.  Army  Corps  of  Engineers 
Computer  Program.  The  development  of  the  P.M.F. 
for  Pines  Lake  Dam  involves  the  evaluation  of  both 
controlled  and  uncontrolled  drainage  areas  to 
account  for  regulation  by  the  Lionshead  and  Point 
View  dams,  both  located  upstream  of  Pines  Lake  Dam. 
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The  evaluation  of  the  uncontrolled  drainage  area 
(1.66  square  miles)  was  first  completed  assuming 
no  flow  from  the  upstream  reservoirs.  Using  the 
uncontrolled  area  and  the  procedures  outlined 
above,  a peak  discharge  of  6830  c.f.s.  was  developed 
for  the  P.M.F.  This  flow  was  routed  through  the 
reservoir  and  found  to  overtop  the  dam  by  2.5  feet. 
The  spillway  was  therefore  assessed  as  inadequate. 
The  £d30ve  evaluation  is  based  only  upon  the  uncon- 
trolled drainage.  Therefore  if  the  effects  of  the 
upstream  dams  were  taken  into  account,  the  dam 
would  be  overtopped  by  a greater  amount.  An  in- 
depth  study  of  a combination  of  all  three  dams  was 
not  completed  for  this  study.  However,  based  upon 
the  large  storage  volume  and  retention  time  (4.3 
hours  from  N.J.D.E.P.  microfiche)  of  the  Point 
View  Deim  reservoir,  a large  increase  eibove  the 
uncontrolled  P.M.F.  peak  discharge  is  not  expected. 
The  uncontrolled  peak  discharge  was  therefore  used 
for  this  analysis. 

In  order  to  assess  the  overtopping  potential  of 
Pines  Lake  Dam,  a flood  discharge  equal  to  approxi- 
mately one-half  P.M.F.  was  routed  through  the  dam. 
The  one-half  P.M.F.  value  crested  at  0.1  foot 
above  the  top  of  dam.  Based  upon  these  routings, 
it  is  estimated  that  the  dam  will  pass  a flood 
flow  equal  to  approximately  49  percent  of  the 
P.M.F.  value  from  the  uncontrolled  drainage  area 
or  approximately  45  percent  of  the  P.M.F.  value  of 
the  total  drainage  area. 

e.  Emergency  Drawdown  of  Lake  - Rapid  emergency 

drawdown  of  the  lake  as  impossible.  There  are  no 
functional  outlet  works,  since  the  outlet  conduit 
was  plugged  with  concrete  in  1967.  The  lake  can 
only  be  drawn  down  by  pumping  or  siphoning  water 
over  the  dam. 
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SECTION  6 


STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations  - No  structural  inadequacies, 
in  the  dam  itself,  ^were  noted  at  the  time  of 
inspection.  There  was  no  evidence  of  slope  insta- 
bility, structural  cracking  or  of  any  serious 
scour  condition  present  at  the  dam.  There  was, 
however,  an  erosion  condition  in  front  of  the  daim 
at  the  left  abutment  area  that  requires  immediate 
attention. 

Seepage  was  present  at  both  rock  abutments. 

Grouting  was  performed  on  the  right  (west)  abut- 
ment in  1961,  and  no  significant  increase  in 
seepage  has  been  noticed  since. 

The  left  abutment  had  significant  seepage  present. 
Based  on  previous  inspection  reports  and  obseirvations , 
this  condition  is  becoming  worse.  It  will  be 
necessary  to  investigate  the  source  and  seriousness 
of  this  condition,  and  take  appropriate  remedial 
action. 

The  small  concrete  weir  located  downstream  of  the 
dam  was  observed  to  have  been  undermined.  This 
condition  should  be  corrected;  such  that,  a sufficient 
depth  of  water  is  maintained  at  the  toe  of  the  deun 
to  prevent  a serious  rcour  condition  which  would 
affect  the  stability  of  the  dam  foundatior . 

b.  Design  and  Construction  Data  - Very  little  design 
and  construction  data  were  available  to  evaluate 
the  structural  stability  of  the  dam.  The  past 
performance  of  the  deun  and  observations  made 
during  the  field  inspection  suggest  that  the  dam 
should  satisfy  the  structural  requirements  outlined 
in  Section  4.4  of  the  "Recommended  Guidelines  for 
Safety  Inspection  of  Dams"  (attached  to  this 
report  as  Appendix  D).  However,  considering  the 
seepage  condition  on  the  ad)utment  areas  and  the 
lack  of  design  data  for  stability  assessment,  the 
structural  stedjility  should  be  further  evaluated 
immediately  by  a qualified  consultant  retained  by 
the  owner. 

c.  Operating  Records  - Nothing  in  the  readily  available 
operating  records  suggests  structural  inadequacy 

of  the  deim. 


f 
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d.  Post-Construction  Changes  - Four  major  post- 
construction  activities  have  been  undertaken  for 
the  dam: 

1)  Grouting  of  the  right  abutment  in  1961. 

2)  Reconstruction  of  the  dovmstream  stilling 
basin  concrete  weir  in  1962 . 

3 ) Application  of  gunite  on  the  downstream 
face  of  the  dam  and  on  the  concrete 
abutments  in  1967 . 

4)  Dismantling  the  sluice  gate  and  plugging 
the  outlet  pipe  in  1967, 

These  post-construction  activities,  excluding 
item  4 ) , were  maintenance  procedures  and  enhanced 
the  structural  stability  of  the  dam.  The  dismantling 
of  the  sluice  gate  and  the  plugging  of  the  outlet 
pipe  with  concrete  (noted  in  Plate  1)  have  virtually 
eliminated  any  means  of  drawdown  of  the  lake, 
particularly  in  case  of  emergency.  This  may 
adversely  affect  the  structural  stability  of  the 
dam  in  case  of  high  flood  or  emergency  conditions. 

e.  Seismic  Stedaility  - Pines  Lake  Dcun  is  located  in 
Seismic  Zone  1 according  to  the  "Seismic  Zone  Map 
of  the  Contiguous  United  States"  (Figure  1,  page  D- 
30)  from  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams."  This  is  a zone  of  low  seismic 
activity.  Experience  indicates  that  dams  in 
Seismic  Zone  1 will  have  adequate  stability  under 
seismic  loading  conditions,  if  they  have  adequate 
st^d5ility  under  static  loading  conditions.  This 
point  should  be  addressed  further  by  the  consultant 
who  evaluates  structural  steibility  in  conjunction 
with  seepage  conditions  of  the  dam  as  previously 
mentioned  in  paragraphs  6.1. a.  and  6.1.b. 
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SECTION  7 - ASSESSMENT,  RECOMMENDATIONS/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 


a.  Safety  - There  are  no  detrimental  findings,  as  a 
result  of  conditions  observed  during  the  visual 
inspection  on  19  June  1978,  by  which  an  inadequate 
assessment  of  the  structural  stability  of  Pines 
Lake  Dam  can  be  rendered;  provided  the  dam  is  not 
overtopped  by  flood  waters.  The  hydraulic/hydrologic 
analysis  performed  in  accordance  with  Corps  of 
Engineers  procedures  for  Phase  I Inspection  Reports 
(paragraph  5.1)  has  indicated  that  the  spillway  of 
the  Pines  Lake  Dam  is  inadequate  to  pass  the 

P.M.F.  without  the  dam  being  overtopped  by  about 
2.5  feet  of  water. 

b.  Adequacy  of  Information  - The  readily  available 
information  and  the  observations  made  during  the 
field  inspection  of  the  dam  are  considered  sufficient 
for  purposes  of  this  Phase  I Inspection  Report. 

c.  Urgency  - The  dam  does  not  require  urgent  remedial 
work. 

d.  Necessity  for  Further  Investigation  - The  owner 
should  immediately  retain  a qualified  consultant 
to  assess  the  seepage  conditions  of  the  abutments 
and  valley  bottom,  particularly  the  left  (east) 
abutment  area,  and  to  investigate  the  effect  of 
this  seepage  on  the  structural  stability  of  the 
dam.  This  consultant  should  also  perform  an  in- 
depth  hydraulic  and  hydrological  analysis  to 
determine  the  feasibility  of  increasing  the 
capacity  of  the  spillway  in  order  to  meet  ac- 
ceptable spillway  criteria.  A study,  with  sub- 
sequent necessary  repair  work,  should  also  be  made 
without  undue  delay  for  the  badly  undermined 
concrete  weir  of  the  downstream  stilling  basin. 

7.2  RECOMMENDATIONS/REMEDIAL  MEASURES 

As  described  in  paragraph  7.1.d.,  the  dam  inspection 
revealed  certain  items  requiring  immediate  attention. 

That  is,  the  owner  should  immediately  retain  a qualified 
consultant  to: 

1)  Assess  the  seepage  conditions  of  the  abutments 
and  valley  bottom,  particularly  the  left 
(east)  cibutment  area. 

( 
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2 ) Investigate  the  effect  of  seepage  on  the 

structural  steibility  of  the  dam.  1 

* 

3)  Develop  plans  and  specifications  for  remedial  I 

work  as  necessary.  | 

Stability  and  seepage  evaluations  of  the  dam  should  be 

done,  where  applicable,  in  accordance  with  procedures  j 

and  criteria  outlined  in  Section  4.4  of  the  "Recommended  i 

Guidelines  for  Safety  Inspection  of  Dams."  A copy  of 
Section  4.4  is  included  in  this  report  as  Appendix  D 
for  reference  purposes. 

In  accordance  with  the  established  Corps  of  Engineers 
procedures  for  Phase  I Inspection  Reports,  the  spillway 
of  Pines  Lake  Deun  has  been  determined  to  be  insufficient 
to  pass  the  P.M.F.  without  the  dam  being  overtopped.  / 

Consequently,  the  consultant  retained  by  the  owner 
should  soon  conduct  an  in-depth  engineering  study  to 
evaluate  the  spillway  capacity  and  to  develop  recom- 
mendations for  remedial  measures  to  reduce  the  over-  i 

topping  potential  of  the  dam.  ’ 

The  dam  inspection  revealed  several  other  items  which  \ 

also  require  attention.  They  are  listed  as  follows: 

1)  It  is  recommended  that  a formal  emergency 


procedure  be  developed  very  soon  and  promi- 
nently displayed  and  furnished  to  all 
operating  personnel.  This  should  include: 

a) 

How  to  operate  the  dam  and  reservoir 
during  an  emergency. 

b) 

Procedures  for  rapid  drawdown  of 
the  reservoir  under  emergency 
conditions . 

c) 

Who  to  notify,  including  public 
officials,  in  case  evacuation  from 
the  downstream  area  is  necessary. 

d) 

The  owner  should  assist  public 
officials  in  developing  an  emergency 
evacuation  plan  for  areas  which 
will  be  affected  in  the  event  of  a 
dam  failure. 

2)  Study  should  be  made  soon  and  remedial 

measures  should  be  developed  to  repair  the 
badly  undermined  stilling  basin  concrete  weir 
located  approximately  40  feet  downstream  from 
the  dam. 
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3)  The  eroded  gully  located  along  the  downstream 
toe  of  the  dam  at  the  left  abutment  area 
should  be  properly  filled  and  sted>ilized 
soon. 

4)  A new  outlet  pipe  or  other  system  to  drawdown 
the  lake  should  be  installed  in  the  near 
future . 

5)  Spalled  concrete  and  gunite  on  the  dam, 
roadway,  and  supporting  cantilever  sections 
should  be  repaired  periodically  to  prevent 
further  deterioration. 


\ 


i 


0 

I 


i 

NAME  OF  DAM;  PINES  LAKE  DAM 


21 


PLATES 


NOTE:  NO  ORIGINAL  DRAWINGS  OF  REPRODUCIBLE  QUALITY  WERE  AVAILABLE 

FOR  INCLUSION  IN  THIS  REPORT.  IF  MICROFICHE  COPIES  OF  THE 
ORIGINAL  DRAWINGS  ARE  DESIRED,  PLEASE  CONTACT: 

New  Jersey  Department  of  Environmental  Protection 
Division  of  Water  Resources 
Bureau  of  Water  Control 
P.O.  Box  2809 

Trenton,  New  Jersey  08625 


Roadwau  Plan 


-Eari-h  Surface 


firm  f^ock  foundoLion  1. 

*^uout,on  iida  arid  S>05e. 


I 

If  rock,  n 9«jmy,  pressure  prouUno'' 
muU.  be  used  iio  make  ati  repo,'^  /. 


muU.  be  used  -Os  make  air  repaid  m I 
base  and  udes  upsirearr  of  dam  L , 
nuobeHj^i, 


i.o\t/  Oid-iei.  Works 

(plumed  luikh  concreiep-sr 


RoekjU 


oU  sic 


5ee/e 


DownsLtearv  L/evoi>Or)  Op  Dorv 


'Trtctnjs  mode  by 
Michael  ^aker^  Zjr.^  jjna . 
V*^/y  ipi 


Qcnetali2.cJ  'Phns ^ £\t\/Mor\  Ond  'Typical  Sc 

’Pines  Lote 


j/  £7cvo-i/on  One/  “Typical  Scciion  op 

^/n£S  Loks 


PLATE  1 


( . 


DETAILED  PHOTOGRAPH  DESCRIPTIONS 


Overall  View  of  Dam  - View  of  Overflow  Spillway  and  Roadway 

With  Supports  (Photograph  Is  Looking  West  From  Left  Abutment. ) - 

19  June  1978 

Photo  1 - View  of  Roadway  Above  Deun  Looking  East  From  Right 
Abutment  Area  - 19  June  1978 

Photo  2 - View  of  Overflow  Spillway  and  Roadway  Supports 
(Picture  Was  Taken  Upstrecun  From  Deun  Looking 
South.  Note  Spalled  Concrete  Roadway  Slab.)  - 
19  June  1978 

Photo  3 - Undermined  Area  of  Small  Dam  Which  Retains  Plunge 
Pool  -19  June  1978 

Photo  4 - Seepage  From  Dipping  Shale  Bedrock  Outcrop  Located 
Downstream  From  Left  Abutment  - 19  June  1978 

Photo  5 - Close-Up  of  Seepage  From  Shale  Bedrock  Approximately 
45  Feet  Downstream  From  Left  Abutment  (Note  Stain- 
ing of  the  Bedrock  Indicating  Continuous  Flow. ) - 
19  June  1978 

Photo  6 - View  of  Left  Abutment  Concrete-Shale  Bedrock 
Junction  at  Front  Face  of  the  Dam  With  Slight 
Seepage  - 19  June  1978 

Photo  7 - View  of  Right  Abutment  Area  at  the  Concrete-Shale 
Bedrock  Junction  at  Front  Face  of  the  Daun  (Note 
Crack  in  Gunite  Surface  and  Slight  Seepage  From 
Bedrock. ) - 19  June  1978 

Photo  8 - View  of  Spillway  Showing  spalling  of  Gunite  Veneer  - 
19  June  1978 
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PHOTO  1 


PHOTO  4 


PHOTO  5 


PHOTO  7 


PHOTO  8 
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CHECK  LIST  - VISUAL  INSPECTION 


0 


( 


Check  List 
Visual  Inspection 
Phase  1 


•H 

&. 

s 

O 

0^ 

0 

4-» 

4-» 

0) 

u 

Cl 

0) 

« 

c 

to 

Q. 

e 

H 

h~ 

O tA 

u c 
to  to 

«4J  *0. 

• 

ij 

w 

• 

O T5 

en 

• 

O.  0) 

0)  (/) 

t-  f- 

£ 

> 

• 

c « 

ir> 

O L. 

• 

4-*  c 

vn 

u o 

CSi 

0) 

o.  c 

c 

</)  2 
e o 

X 

0 

U) 

4J 

</) 

o 

f-  i/i 

X fO 

4-J 

0) 

a 

4-> 

n 

c a; 

c 

0) 

M 

•o 

4)  O 

4-» 

0 

^ ^ to 

< 9 & 

OD  C 9 O. 

O fO 

^ O O 


X X ^ X 

o 


§ 

a 41 


• ^ 

Q> 

0)  >> 

o ^ 
o. 

K (/)  </) 
or  O)  9> 
c c 

•M  f- 
O -M  » 

c o « 

o w 

«/»  4-  “O 

c 

o *0  e 

•F-  fO  9> 
4-» 

<0  k to 

a.  0) 
c ^ 

3 

O'*-© 
Lu  O ^ 


63 

o;  g-i  z 
z z o 

D H b 
OS  3 z 
£-•0  3 

w < rs 


42  s 


CONSTRUCTION  JOINTS  None  visible  because  of  gunlte  surface  coating. 
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RIPRAP  FAILURES 
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DOWNSTREAM  CHANNEL 


Other  facilities  In  low  lying  areas  along  the  reach  of  the  Romapo 
River  extending  two  miles  downstream  from  Pompton  Lake. 
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RAINFALL/RESERVOIR  RECORDS  There  is  a stream  gaging  station  located  on  Pompton  Lake  0.8  mile  downstream  from  Pines 

Lake  Dam.  Rainfall  and  gaging  records  are  available  there  and  probably  also  from  the 
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BORROW  SOURCES  The  dam  has  no  earthflll  sections.  No  Information  Is  available  on  the  sources  of  aggregate 
used  In  the  dam  concrete. 


MONITORING  SYSTEMS  No  monitoring  systems  are  present. 
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view  of  the  several  changes  In  dam  ownership  over  the  years. 


CHECK  LIST 

HYDROLOGIC  AND  HYDRAULIC  DATA 
ENGINEERING  DATA 

(2.04  square  miles  of  watershed 
are  controlled  by  Point  View 

DRAINAGE  AREA  CHARACTERISTICS:  3.7  square  miles  Dam  and  Lionshead  Dam) 


ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY) : 257.3  (5586  acre-feet) 


ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY) : Not  available 


ELEVATION  MAXIMUM  DESIGN  POOL:  258.3 

ELEVATION  TOP  DAM;  261 .0 

CREST;  Broad  crested  weir  spillway  sections 

252.3  Icfinter  low  flow  section). 

a.  Elevation  257.5-257.8  (four  side  sections) 

b.  Type  BroaS-crested  weir 

a . Width~~  Approximate Iv  three  i^eet 

d.  Lenqth~50  feet,  total  — (nve  weir  sections,  each  10  feet  wide) 

e . Location  Spillover  Concrete  weir 

f.  Number  and  Type  of  Gates  No  gates 

OUTLET  WORKS:  Not  operational 

36  inch  s)uue  gate  was  dismantled  in  1957  and  outlet  conduit 

a.  Type  was  plugged  with  concrete 

b . Location  Low  left  side  of  dam 

c.  Entrance  inverts  APDroxlmatelv  El.  222 

d.  Exit  inverts  Approximately  e1.  222 

e.  Emergency  drainciown  facilities  Pumping  or  siphoning  of  water  over  dam 

HYDROMETEOROLOGICAL  GAGES : None 


a.  Type 

b . Location 

c . Records 

MAXIMUM  NON-DAMAGING  DISCHARGE  Not  available 


NAME  OF  DAM:  PINES  LAKE  DAM 


( 
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APPENDIX  C 


PINES  LAKE  DAM  INSPECTION  REPORT 
OCTOBER  8,  1976 


By;  Thor  Engineers 

Newark,  New  Jersey  - New  York,  New  York 


I 


DAM  INSPECTION  REPORT 
PINES  LAKE 
WAYNE,  NEW  JERSEY 

I 

I 

October  8,  1976 

Prepared  for:  Pines  Lake  Association 


Thor  Engineers 

Newark,  New  Jersey  - New  York,  New  York 


59 


THOR  ENGINEERS 


17  ACAOCMV  •TNCKT 
NKWAMK.  NCW  JKRaKV  07l0a 

aoi  • aaA-saoo 


aaa  maoison  avcnuk 

NCW  YORK.  NCW  YORK  10017 

aia  • aaa>73sa 


October  14,  1976 

Pines  Lake  Association 
C/0  Mr.  Thomas  Mineo 
16  Hawthorne  Road 
Wayne,  New  Jersey  07470 

Re:  Dam  Inspection 
Pines  Lake  Dam 
Wayne,  New  Jersey 


Gentlemen: 

In  accordance  with  your  request  and  our  proposal,  we  have  performed  a 
review  of  available  information  and  a visual  inspection  of  the  subject 
concrete  arch  dam. 


nils  report  reflects  our  findings  and  conclusions  and  makes  recommendations 
for  further  safety  considerations.  The  considerations  and  procedures 
used  for  the  inspection  and  report  follow  the  "Recommended  Guidelines 
for  Safety  Inspection  of  Dams"  published  by  the  Department  of  the  Army, 
Office  of  the  Chief  Ct  Engineers,  Washington,  D.  C.  The  purpose  of  this 
approach  is  to  satisfy  the  basic  requirements  of  future  legislation  for 
dam  safety.  The  program  has  been  initiated  and  implemented  with  an 
inventory  as  outlined  in  The  Dam  Inspection  Act,  Public  Law  92''367. 

CLASSIFICATION  OF  DAM 

Die  above  mentioned  guidelines  categorizes  the  subject  dam  as  follows: 


Storage  (acre*feet)  Height  (feet) 

5,880  40 


SIZE  CLASSIFICATION 

Category 

Intermediate 
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Hazard  Potential  Classification 


Hazard  potential  must  be  considered  as  being  high,  due  to  the  relatively 
large  anount  o£  downstream  residential  and  commercial  development. 

PURPOSE  AND  SCOPE 

The  primary  purpose  of  this  investigation  and  report  is  to  visually  identify  . 
conditions  that  may  pose  present  and/or  future  concern  for  dam  stability 
and  reservoir  maintenance.  The  report  shall  consider  what  additional 
investigations  and  studies  if  any,  are  necessary  to  positively  identify 
adverse  conditions.  The  scope  of  this  effort  does  not  include  the  considerations 
of  hydrologic  and  hydraulic  features  as  they  effect  dam  safety.  Future 
implementation  of  the  abovementioned  legislation  will  require  this  work 
to  complete  an  evaluation  of  safety. 

INVESTIGATIONS 

A thorough  visual  inspection  of  the  dam  was  performed  on  August  21,  1976 
by  both  a professional  engineer  and  engineering  geologist  from  this  office. 

A subsequent  site  visit  on  October  1,  1976  allowed  the  collection  of  seepage 
data  and  downstream  channel  elevations.  Photographs  of  apparent  points  of 
interest  were  taken  and  can  be  made  available  upon  your  request. 

In  addition  to  the  above  field  exposure,  the  association's  chronological 
file  on  dam  related  construction  inspection  and  repair  activity  was  reviewed 
in  detail.  The  file  was  made  available  by  you  and  assumed  to  reflect  all 
previous  activities. 
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FINDINGS 


The  existing  dam  is  a reinforced  concrete  arch  dam  founded  on  the  idigeneous 
rock,  an  interbedded  shale  and  sandstone.  Reservoir  water  spills  over  a 
dropped  crest  section  and  sheet  flows  down  the  downstream  face  of  the 
concrete  dam  into  a plunge  pool.  The  reservoir  shore  line  approaches  the 
west  abutment  of  the  dam  at  a sharp  angle.  It  curves  around  and  runs  a 
short  distance  south  of  the  dam  location  in  the  area  of  the  east  abutment. 

The  dam  structure  shows  evidence  of  gunite  concrete  repair  over  the  down- 
stream face,  the  crest  and  the  roadway  bridge  structure  over  the  crest.  Spalling 
of  concrete  exists  at  the  underside  of  the  edge  of  the  roadway  deck  and 
support  members.  The  gunite  veneer  has  spalled  at  various  locations  around 
the  crest  elevation  and  over  the  downstream  face  of  the  dam.  Spalling 
appears  to  be  more  prevalent  at  the  interface  with  the  natural  rock  abutments 
and  beneath  the  spillway  flow  area.  Little  or  no  veneer  remains  for  the 
area  subject  to  the  spillway  action. 

There  is  no  visual  evidence  of  the  low  level  outlet  works  as  shown  on  the  plans. 
The  chronologic  file  indicates  that  the  system  had  been  concreted  and  hardware 
dismantled  in  1967.  An  area  of  rock  scour  and  apparent  grout  repair  was 
noticed  near  the  east  abutment  which  is  probably  the  remains  of  the 
outlet.  Reports  indicate  that  reservoir  lowering  is  now  accomplished  with  a 
siphon. 
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The  plunge  or  energy  dissipating  pool  at  the  base  of  the  arch  is  littered 
with  roclc  fragments,  gravelly  soil,  timber  and  other  organic  debris.  The 
water  at  the  time  of  inspection  was  several  feet  deep.  The  elevation  of  the 
bottom  of  the  pool  was  checiced  and  found  to  average  Elevation  >218.2, 
approximately  one  (1)  foot  above  the  top  of  the  arch  footing  elevation  shown 
on  the  original  construction  drawings.  A low  concrete  dan  just  downstream  of 
the  arch  isq^xjunds  the  plunge  pool.  This  small  dam  is  undermined  and  water 
flows  beneath  it  rather  than  over.  The  maximum  flow  is  adjacent  to  the 
east  bank  of  the  channel.  A pipe  running  through  the  small  dam,  apparently 
an  outlet  system,  is  totally  clogged  with  rock  fragment  and  soil  and  no 
flow  was  observed.  The  dan  is  literally  a bridge  as  it  is  supported  at 
only  several  points  along  its  length. 

Inspection  of  the  natural  rock  and  soil  abutments  from  the  arch  dam  contact 
to  several  hundred  feet  downstream  indicated  generally  stable  conditions 
as  there  was  no  evidence  of  recent  overburden  soil  and  rock  sliding  or  slope 
failures.  Large  tree  vegetation  being  relatively  plumb  enforces  this 
conclusion.  Seepage  and  at  some  points,  leakage  of  water  from  the  rock 
abutment  and  downstream  b^mks  does  exist.  Seepage  and  leakage  is  occurring 
at  higher  elevations  and  in  greater  quantities  near  the  dam,  indicating  flow 
from  the  reservoir  rather  than  normal  land  recharge  of  a groundwater  system. 
Noticeable  limonite  staining  exists  at  many  points  of  discharge.  Leakage 
is  occurring  at  both  east  and  west  abutments,  at  and  near  the  contact  with 
the  dam.  The  amount  varies  and  appears  to  be  flowing  from  fractures  in  the 
rock  and  not  necessarily  the  contact  surface.  A quantity  estimated  at  one  (1) 
gallon  per  minute  is  flowing  from  the  west  abutment  approximately  eight  (8) 


( 
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fe«t  above  the  channel  profile  and  six  (6)  feet  from  the  dam  downstream 
face.  The  west  abutment  geology  consists  of  a seam  of  silt  and  sand  soil 
interbedded  with  Che  shale  and  sandstone  rock,  intersecting  the  channel 
section  in  the  proximity  of  the  referenced  leak.  This  information  was  obtained 
during  the  fall  of  1962  when  exploratory  borings  were  made  as  part  of  Che 
program  to  cement  and  chemically  grout  the  west  abutment  for  a distance  of 
approximately  fifty  (50)  feet  downstream  to  reduce  leakage. 

Leakage  from  the  east  abutment  is  further  downstream  from  the  point  of  dam 
contact.  It  is  estimated  at  approximately  three  (3)  gpm.  This  area  appears  to 
be  recharged  by  the  main  reservoir  and  a shallow  branch  of  the  reservoir  that 
runs  south,  parallel  to  the  downstream  profile  for  several  hiindred  feet. 

Based  on  field  measurements,  the  interbedded  sedimentary  rock  strata  are 
striking  approximately  north-south  and  dipping  west  from  IS  to  20  degrees. 

CONCLUSIONS 

Based  on  the  above  mentioned  research  and  inspection,  the  dam  and  its  foundation 
are  in  good  condition  with  only  cosmetic  deterioration  such  as  spalling  of 
concrete  around  the  edges  and  corners  of  the  roadway  deck  and  support  members. 
Erosion  and  scour  at  the  plunge  pool  and  abutment  have  not  progressed  to  a 
point  of  concern  for  dam  stability.  Seepage  and  leakage  through  the  abutments 
and  possibly  through  the  channel  bottom  is  occurring.  Based  on  inspection 
and  repair  history,  this  flow  is  increasing  with  time.  The  west  abutment 
leakage  was  apparently  reduced  to  one  (1)  gpn  in  1962  as  a result  of  a 
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grouting  program.  Tha  flow  appears  not  to  have  increased.  Leakage  from 
the  east  abutment,  appears  to  be  increasing  since  little  or  no  comment  was 
made  in  past  reports  of  what  is  now  quite  noticeable.  The  extent  of  limonite 
staining  further  enforces  the  theory  of  continual  flow.  This  increased  rate 
of  flow  is  probably  attributable  to  erosion  and  possible  deterioration  of 
the  rock  in  the  vicinity  of  joint,  or  crack  systems  that  extend  to  the 
reservoir.  The  continuing  flow  and  apparent  consequent  erosion  being 
progressive  will  weaken  the  rock  layer  interfaces  and  may  eventually  create 
a hazard  to  dam  stability.  However,  there  is  no  need  for  immediate  concern 
at  this  time.  The  attitude  of  the  rock  stratification  indicates  that  the 
east  abutment  is  structurally  lass  stable  in  that  sliding  along  the  weaker 
interface  of  the  rock  layers  could  involve  the  natural  abutment  rock  sliding 
into  the  downstream  gorge.  The  west  abutment  would  have  to  literally  break 
off  and  rotate  for  failure  to  occur. 

In  summazy,  the  following  conclusions  are  offered: 

1.  The  dam  structure  appears  to  be  in  good  condition  with  only  evidence  of 
superficial  concrete  spalling. 

2.  The  plunge  pool  bottom  elevation  indicates  that  no  scour  undermining 
of  the  dam  foundation  has  occurred.  However,  dredging  the  pool  and 
repairing  the  small  dam  is  essential  to  maintain  scour  protection. 

3.  Leakage  and  seepage  through  the  abutment  and  perhaps  the  base  rock  is 
occurring  and  can  be  expected  to  increase  with  time.  The  enlargement 
of  the  flow  channels  and  water  associated  deterioration  of  rock  near 
these  channels  may  tend  to  weaken  the  abutments  posing  a stability  problem. 

4.  The  jointing  and  cracking  of  bedrock  in  the  dam  area  is  extensive  and 
.irregular  with  soft  soil  strata  interbedding  and,  therefore,  pose  problems 

for  effective  grouting  as  a economic  means  of  sealing. 
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RECOMMENDATIONS 

There  is  no  imnediate  need  for  concern  for  dam  safety,  however,  as  mentioned 
above,  there  exists  a condition  that  could  adversely  effect  the  dam 
foundation.  In  the  future  we,  therefore,  recommend  that  a program  be  initiated 
to  continually  monitor  the  amount  of  leakage,  seepage,  and  plunge  pool  bottom 
elevation.  A typical  program  could  include: 

(1)  Measure  the  seepage  at  points  of  leakage. 

(2)  Install  observation  wells  to  permit  the  monitoring  and  recording 
of  data  necessary  to  theoretically  evaluate  seepage  conditions. 

(3)  Measure  the  flow  over  the  dam  crest  and  immediately  downstream. 

(4)  Set  up  a survey  bench  mark  so  that  elevation  of  bottom  of 
plunge  pool  may  be  easily  determined. 

If  the  results  of  the  above  indicate  a rapidly  deteriorating  condition,  the 
following  engineering  activities  are  recommended  to  assist  in  evaluating 
viable  re.'nedial  treatment  for  sealing  the  reservoir  and  protecting  the 
abutments: 

(1)  Make  subsurface  and  reservoir  sub-bottm  investigations  to  evaluate 
bedrock  and  sediment  conditions. 

(2)  Make  reservoir  bottom  soundings  to  ascertain  reservoir  contours  in 
the  proximity  of  dam. 

Should  excessive  scour  of  the  bottom  of  the  plunge  pool  be  realized,  the  area 
should  be  paved  or  filled  with  stone  to  reduce  or  eliminate  scour. 

The  final  evaluation  of  dam  safety  under  a deteriorated  foundation  and  the 
need  for  resMdial  treatment  should  include  a detailed  study  of  the 
hydrologic  and  hydraulic  features  of  the  dam  and  reservoir.  These  studies 
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will  in  any  case,  be  required  by  future  dam  safety  legislation  especially  for 
high  hazard  locations  of  which  Pines  Lake  is  one. 

We  trust  our  findings  will  satisfy  your  requirements  and  assist  you  with 
future  plans  regarding  the  safety  of  the  dam  and  maintenance  of  Pines  Lake. 


Very  truly  yours, 
THOR  ENGINEERS 


Thomas  H.  Otto,  P.E., 
Partner 

THO/tn 
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APPENDIX  D 


EXCERPTS  FROM 

"RECOMMENDED  GUIDELINES  FOR  SAFETY  INSPECTION  OF  DAMS" 

SECTION  4.4  - "STABILITY  INVESTIGATIONS" 

(Pages  D-18  through  D-27) 
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Reclamation  and  Soil  Conservation  Service.  Many  other  agencies,  educa- 
tional facilities  and  private  consultants  can  also  provide  expert  advice. 

Regardless  of  where  such  expertise  is  based,  the  qualification  of  those 
individuals  offering  to  provide  it  should  be  carefully  examined  and 
evaluated. 

4.3.4.  Freeboard  Allowances.  Guidelines  on  specific  minimum  freeboard 
allowances  are  not  considered  appropriate  because  of  the  many  factors 
involved  in  such  determinations.  The  investigator  will  have  to  assess 
the  critical  parameters  for  each  project  and  develop  its  minimum  require- 
ment. Many  projects  are  reasonably  safe  without  freeboard  allowance 
because  they  are  designed  for  overtopping,  or  other  factors  minimize 
possible  overtopping.  Conversely,  freeboard  allowances  of  several  feet 
may  be  necessary  to  provide  a safe  condition.  Parameters  that  should  be 
considered  include  the  duration  of  hi^  water  levels  in  the  reservoir 
during  the  design  flood;  the  effective  wind  fetch  and  reservoir  depth 
available  to  support  wave  generation;  the  probability  of  high  wind  speed 
occurring  from  a critical  direction;  the  potential  wave  runup  on  the  dam 
based  on  roughness  and  slope;  and  the  ability  of  the  dam  to  resist 
erosion  from  overtopping  waves . 

4.4.  Stability  Investigations.  The  Phase  II  stability  investigations 
should  be  compatible  with  the  guidelines  of  this  paragraph. 

4.4.1.  Foundation  and  Material  Investigations.  The  scope  of  the  foundation 
and  materials  investigation  should  be  limited  to  obtaining  the  information 
required  to  analyze  the  structural  stability  and  to  investigate  any 
suspected  condition  which  would  adversely  affect  the  safety  of  the  dam. 

Such  investigations  may  include  borings  to  obtain  concrete,  embankment, 
soil  foundation,  and  bedrock  samples;  testing  specimens  from  these  samples 
to  determine  the  strength  and  elastic  parameters  of  the  materials,  including 
the  soft  seams,  joints,  fault  gouge  and  expansive  clays  or  other  critical 
materials  in  the  foundation;  determining  the  character  of  the  bedrock 
including  joints,  bedding  planes,  fractures,  faults,  voids  and  caverns, 
and  other  geological  irregularities;  and  installing  instruments  for 
determining  movements,  strains,  suspected  excessive  Internal  seepage 
pressures,  seepage  gradients  and  uplift  forces.  Special  investigations 
may  be  necessary  where  suspect  rock  types  such  as  limestone,  gypsum, 
salt,  basalt,  claystone,  shales  or  others  are  involved  in  foundations  or 
abutments  in  order  to  determine  the  extent  of  cavities,  piping  or  other 
deficiencies  in  the  rock  foundation.  A concrete  core  drilling  program  i 

should  be  undertaken  only  when  the  existence  of  significant  structural 

cracks  is  suspected  or  the  general  qualitative  condition  of  the  concrete 
Is  in  doubt.  The  tests  of  materials  will  be  necessary  only  where  such 
data  are  lacking  or  are  outdated. 

4.4.2.  Stability  Assessment.  Stability  assessments  should  utilize  in 
situ  properties  of  the  structure  and  its  foundation  and  pertinent  geologic 

(D-18) 


69 


information.  Geologic  information  that  should  be  considered  includes 
groundwater  and  seepage  conditions;  lithology,  stratigraphy,  and  geologic 
details  disclosed  by  borings,  "as-built"  records,  and  geologic  interpre- 
tation; maximum  past  overburden  at  site  as  deduced  from  geologic  evidence; 
bedding,  folding  and  faulting;  joints  and  joint  systems;  weathering; 
slickensides,  and  field  evidence  relating  to  slides,  faults,  movements 
and  earthquake  activity.  Foundations  may  present  problems  where  they 
contain  adversely  oriented  joints,  slickensides  or  fissured  material, 
faults,  seams  of  soft  materials,  or  weak  layers.  Such  defects  and  excess 
pore  water  pressures  may  contribute  to  instability.  Special  tests  may 
be  necessary  to  determine  physical  properties  of  particular  materials. 

The  results  of  stability  analyses  afford  a means  of  evaluating  the 
structure's  existing  resistance  to  failure  and  also  the  effects  of  any 
proposed  modifications . Results  of  stability  analyses  should  be  reviewed 
for  compatibility  with  performance  experience  when  possible. 

4.4. 2.1.  Seismic  Stability.  The  inertial  forces  for  use  in  the  conven- 
tional equivalent  static  force  method  of  analysis  should  be  obtained  by 
multiplying  the  weight  by  the  seismic  coefficient  and  should  be. applied 
as  a horizontal  force  at  the  center  of  gravity  of  the  section  or  element. 
The  seismic  coefficients  suggested  for  use  with  such  analyses  are  listed 
in  Figures  1 through  4.  Seismic  stability  investigations  for  all  high 
hazard  category  dams  located  in  Seismic  Zone  4 and  high  hazard  dams  of 
the  hydraulic  fill  type  in  Zone  3 should  include  suitable  dynamic  pro- 
cedures and  analyses.  Dynamic  analyses  for  other  dams  and  higher  seismic 
coefficients  are  appropriate  if  in  the  judgment  of  the  investigating 
engineer  they  are  warranted  because  of  proximity  to  active  faults  or 
other  reasons.  Seismic  stability  investigations  should  utilize  "state- 
of-the-art"  procedures  involving  seismological  and  geological  studies  to 
establish  earthquake  parameters  for  use  in  dynamic  stability  analyses 
and,  where  appropriate,  the  dynamic  testing  of  materials.  Stability 
analyses  may  be  based  upon  either  time-history  or  response  spectra  tech- 
niques. The  results  ef  dynamic  analyses  should  be  assessed  on  the  basis 
of  whether  or  not  the  dam  would  have  sufficient  residual  integrity  to 
retain  the  reservoir  during  and  after  the  greatest  or  most  adverse 
earthquake  which  might  occur  near  the  project  location. 

4. 4. 2. 2.  Clay  Shale  Foundation.  Clay  shale  is  a highly  overconsolidated 
sedimentary  rock  comprised  predominantly  of  clay  minerals,  with  little 

or  no  cementation.  Foundations  of  clay  shales  require  special  measures 
in  stability  investigations.  Clay  shales,  particularly  those  containing 
montmorillonite,  may  be  highly  susceptible  to  expansion  and  consequent 
loss  of  strength  upon  unloading.  The  shear  strength  and  the  resistance 
to  deformation  of  clay  shales  may  be  quite  low  and  high  pore  water  pres- 
sures may  develop  under  increase  in  load.  The  presence  of  slickensides 
in  clay  shales  is  usually  an  Indication  of  low  shear  stength.  Prediction 
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of  field  behavior  of  clay  shales  should  not  be  based  solely  on  results  of 
conventional  laboratory  tests  since  they  may  be  misleading.  The  use  of 
peak  shear  strengths  for  clay  shales  in  stability  analyses  may  be  uncon- 
servative because  of  nonuniform  stress  distribution  and  possible  progres- 
sive failures.  Thus  the  available  shear  resistance  may  be  less  than  if 
the  peak  shear  strength  were  mobilized  simultaneously  along  the  entire 
failure  surface.  In  such  cases,  either  greater  safety  factors  or  residual 
shear  strength  should  be  used. 

4.4.3.  Embankment  Dams . 

4. 4. 3.1.  Liquefaction.  The  phenomenon  of  liquefaction  of  loose, 
saturated  sands  and  silts  may  occur  when  such  materials  are  subjected 
to  shear  deformation  or  earthquake  shocks.  The  possibility  of  lique- 
faction must  presently  be  evaluated  on  the  basis  of  empirical  knowledge 
supplemented  by  special  laboratory  tests  and  engineering  judgment.  The 
possibility  of  liquefaction  in  sands  diminishes  as  the  relative  density 
increases  above  approximately  70  percent.  Hydraulic  fill  dams  in 
Seismic  Zones  3 and  4 should  receive  particular  attention  since  such 
dams  are  susceptible  to  liquefaction  under  earthquake  shocks. 

4. 4. 3. 2.  Shear  Failure.  Shear  failure  is  one  in  which  a portion  of  an 
embankment  or  of  an  embankment  and  foundation  moves  by  sliding  or  rotating 
relative  to  the  remainder  of  the  mass.  It  is  conventionally  represented 
as  occurring  along  a surface  and  is  so  assumed  in  stability  analyses, 
although  shearing  may  occur  in  a zone  of  substantial  thickness.  The 
circular  arc  or  the  sliding  wedge  method  of  analyzing  stability,  as  per- 
tinent, should  be  used.  The  circular  arc  method  is  generally  applicable 
to  essentially  homogeneous  embankments  and  to  soil  foundations  consisting 
of  thick  deposits  of  fine-grained  soil  containing  no  layers  significantly 
weaker  than  other  strata  in  the  foundation.  The  wedge  method  is  generally 
applicable  to  rockflll  dams  and  to  earth  dams  on  foundations  containing 
weak  layers.  Other  methods  of  analysis  such  as  those  employing  complex 
shear  surfaces  may  be  appropriate  depending  on  the  soil  and  rock  in  the 
dam  and  foundation.  Such  methods  should  be  in  reputable  usage  in  the 
engineering  profession. 

4.4. 3. 3.  Loading  Conditions . The  loading  conditions  for  which  the  embank- 
ment structures  should  be  investigated  are  (I)  Sudden  drawdown  from  spill- 
way crest  elevation  or  top  of  gates,  (II)  Partial  pool,  (III)  Steady 
state  seepage  from  spillway  crest  elevation  or  top  of  gate  elevation, 

and  (IV)  Earthquake.  Cases  I and  II  apply  to  upstream  slopes  only; 

Case  III  applies  to  downstream  slopes;  and  Case  IV  applies  to  both  up- 
stream and  downstream  slopes.  A summary  of  suggested  strengths  and 
safety  factors  are  shown  in  Table  4. 
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TABLE  4 


FACTORS  OF  SAFETY  / 


Loading 

Factor  of 

Shear  // 

Case 

Condition 

Safety 

Strength 

Remarks 

I 

Sudden  drawdown 
from  spillway  crest 
or  top  of  gates  to 
minimum  drawdown 
elevation. 

1.2* 

Minimum  com- 
posite of  R 
and  S shear 
strengths 

See  Figure 

5. 

Within  the  drawdown 
zone  submerged  unit 
weights  of  materials 
are  used  for  computing 
forces  resisting  slid- 
ing and  saturated 
unit  weights  are  used 
for  computing  forces 
contributing  to  slid- 
ing. 

II 

Partial  pool  with 
assumed  horizontal 
steady  seepage 
saturation. 

1.5 

R+S  for  R S 

2 

S for  R > S 

Composite  Intermediate 
envelope  of  R and  S 
shear  strengths.  See 
Figure  6. 

III 

Steady  seepage 
from  spillway  crest 
or  top  of  gates  with 
Kh/Kv  ■ 9 assumed** 

1.5 

Same  as 

Case  II 

IV 

Earthquake  (Cases  II 
and  III  with  seismic 
loading) 

1.0 

*** 

See  Figures  1 through 

4 for  Seismic  Coeffi- 
cients . 

/ Not  applicable  to  embankmenta  on  clay  shale  foundation.  Experience 
has  Indicated  special  problems  In  determination  of  design  shear 
strengths  for  clay  shale  foundations  and  acceptable  safety  factors 
should  be  compatible  with  the  confidence  level  In  shear  strength 
assumptions , 

//  Other  strength  assumptions  may  be  used  If  In  common  usage  In  the 
engineering  profession. 

* The  safety  factor  should  not  be  less  than  1.5  when  drawdown  rate  and 
pore  water  pressure  developed  from  flow  nets  are  used  In  stability 

analyses . 

**  Is  the  ratio  of  horizontal  to  vertical  permeability.  A 

minimum  of  9 Is  suggested  for  use  In  compacted  embankments  and 
alluvial  sediments. 
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**vc  Use  shear  strength  for  case  analyzed  without  earthquake.  It  is  not 
necessary  to  analyze  sudden  drawdown  for  earthquake  loading.  Shear 
strength  tests  are  classified  according  to  the  controlled  drainage 
conditions  maintained  during  the  test.  R tests  are  those  in  which 
specimen  drainage  is  allowed  during  consolidation  (or  swelling) 
under  Initial  stress  conditions,  but  specimen  drainage  is  not  allowed 
during  application  of  shearing  stresses.  S tests  allow  full  drain- 
age during  initial  stress  application  and  shearing  is  at  a slow  rate 
so  that  complete  specimen  drainage  is  permitted  during  the  complete 
test. 

4.4, 3,4,  Safety  Factors.  Safety  factors  for  embankment  dam  stability 
studies  should  be  based  on  the  ratio  of  available  shear  strength  to 
developed  shear  strength,  S^: 

Sp  ” C + ^ tan  ^ (1) 

F,S,  F.S. 


C > cohesion 

^ ■ angle  of  internal  friction 
(P  » normal  stress 

The  factors  of  safety  listed  in  Table  4 are  recoimnended  as  minimum  accept- 
able. Final  accepted  factors  of  safety  should  depend  upon  the  degree  of 
confidence  the  investigating  engineer  has  in  the  engineering  data  avail- 
able to  him.  The  consequences  of  a failure  with  respect  to  human  life 
and  property  damage  are  important  considerations  in  establishing  factors 
of  safety  for  specific  Investigations. 

4.4. 3. 5.  Seepage  Failure.  A critical  uncontrolled  underseepage  or 
through  seepage  condition  that  develops  during  a rising  pool  can  quickly 
reduce  a structure  which  was  stable  under  previous  conditions,  to  a total 
structural  failure.  The  visually  confirmed  seepage  conditions  to  be 
avoided  are  (1)  the  exit  of  the  phreatic  surface  on  the  downstream  slope 
of  the  dam  and  (2)  development  of  hydrostatic  heads  sufficient  to  create 
in  the  area  downstream  of  the  dam  sand  boils  that  erode  materials  by  the 
phenomenon  known  as  "piping"  and  (3)  localized  concentrations  of  seepage 
along  conduits  or  through  pervious  zones.  The  dams  most  susceptible  to 
seepage  problems  are  those  built  of  or  on  pervious  materials  of  uniform 
fine  particle  size,  with  no  provisions  for  an  internal  drainage  zone 
and/or  no  underseepage  controls. 
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4. 4. 3. 6.  Seepage  Analyses.  Review  and  modifications  to  original 
seepage  design  analyses  should  consider  conditions  observed  in  the 
field  inspection  and  piezometer  Instrumentation.  A seepage  analysis 
should  consider  the  permeability  ratios  resulting  from  natural  deposi- 
tion and  from  compaction  placement  of  materials  with  appropriate 
variation  between  horizontal  and  vertical  permeability.  An  under- 
seepage analysis  of  the  embankment  should  provide  a critical  gradient 
factor  of  safety  for  the  maximum  head  condition  of  not  less  than  1.5 
in  the  area  downstream  of  the  embankment. 


F.S  - ig/i  - Hc^°b  “ °b 

h7d^'  hTw 

i^  * Critical  gradient 

1 > Design  gradient 

H ■ Uplift  head  at  downstream  toe  of  dam  measured  above 
tallwater 


Hg  * The  critical  uplift 


D^j  « The  thickness  of  the  top  impervious  blanket  at  the 
downstream  toe  of  the  dam 

Ym  - The  estimated  saturated  unit  weight  of  the  material  in  the 
top  impervious  blanket 

Y?  ■ The  unit  weight  of  water 


Where  a factor  of  safety  less  than  1.5  is  obtained  the  provision  of  an 
underseepage  control  system  is  indicated.  The  factor  of  safety  of  1.5 
is  a recomnended  minimum  and  may  be  adjusted  by  the  responsible  engineer 
based  on  the  competence  of  the  engineering  data. 

4.4.4.  Concrete  Dams  and  Appurtenant  Structures. 

4.4.4. 1.  Requirements  for  Stability.  Concrete  dams  and  structures 
appurtenant  to  embankment  dams  should  be  capable  of  resisting  over- 
turning, sliding  and  overstressing  with  adequate  factors  of  safety  for 
normal  and  maximum  loading  conditions . 
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4.4.4. 2.  Loads . Loadings  to  be  considered  In  stability  analyses  Include  I 

the  water  load  on  the  upstream  face  of  the  dam;  the  weight  of  the  struc-  ' 

ture;  Internal  hydrostatic  pressures  (uplift)  within  the  body  of  the  i 

dam,  at  the  base  of  the  dam  and  within  the  foundation;  earth  and  silt 

loads;  Ice  pressure,  seismic  and  thermal  loads,  and  other  loads  as 
applicable.  Where  tallwater  or  backwater  exists  on  the  downstream  side 
of  the  structure  It  should  be  considered,  and  assumed  uplift  pressures 
should  be  compatible  with  drainage  provisions  and  uplift  measurements  If 
available.  Where  applicable.  Ice  pressure  should  be  applied  to  the 
contact  surface  of  the  structure  at  normal  pool  elevation.  A unit  pres- 
sure of  not  more  than  5,000  pounds  per  square  foot  should  be  used. 

Normally,  Ice  thickness  should  not  be  assumed  greater  than  two  feet. 

Earthquake  forces  should  consist  of  the  Inertial  forces  due  to  the 

horizontal  acceleration  of  the  dam  Itself  and  hydrodynamic  forces  ‘ 

resulting  from  the  reaction  of  the  reservoir  water  against  the  structure. 

Dynamic  water  pressures  for  use  In  conventional  methods  of  analysis  may 
be  computed  by  means  of  the  "Westergaard  Formula"  using  the  parabolic 
approximation  (H.M.  Westergaard,  "Water  Pressures  on  Dams  During  Earth- 
quakes," Trans.,  ASCE,  Vol  98,  1933,  pages  418-433),  or  similar  method. 

4.4.4. 3.  S tresses . The  analysis  of  concrete  stresses  should  be  based  on 
In  situ  properties  of  the  concrete  and  foundation.  Computed  maximum  com- 
pressive stresses  for  normal  operating  conditions  In  the  order  of  1/3 

or  less  of  In  situ  strengths  should  be  satisfactory.  Tensile  stresses 
In  unreinforced  concrete  should  be  acceptable  only  In  locations  where 
cracks  will  not  adversely  affect  the  overall  performance  and  stability 
of  the  structure.  Foundation  stresses  should  be  such  as  to  provide 
adequate  safety  against  failure  of  the  foundation  material  under  all 
loading  conditions. 

4. 4. 4. 4.  Overturning.  A gravity  structure  should  be  capable  of  resisting 
all  overturning  forces.  It  can  be  considered  safe  against  overturning 

If  the  resultant  of  all  combinations  of  horizontal  and  vertical  forces, 
excluding  earthquake  forces,  acting  above  any  horizontal  plane  through 
the  structure  or  at  Its  base  Is  located  within  the  middle  third  of  the 
section.  When  earthquake  Is  Included  the  resultant  should  fall  within 
the  limits  of  the  plane  or  base,  and  foundation  pressures  must  be  accept- 
able. When  these  requirements  for  location  of  the  resultant  are  not 
satisfied  the  Investigating  engineer  should  assess  the  Importance  to 
stability  of  the  deviations. 

4.4.4. 5.  Sliding.  Sliding  of  concrete  gravity  structures  and  of  abutment 
and  foundation  rock  masses  for  all  types  of  concrete  dams  should  be  evaluated, 
by  the  shear- friction  resistance  concept.  The  available  sliding  resis- 
tance Is  compared  with  the  driving  force  which  tends  to  Induce  sliding 

to  arrive  at  a sliding  stability  safety  factor.  The  Investigation  should 
be  made  along  all  potential  sliding  paths.  The  critical  path  Is  that 
plane  or  combination  of  planes  which  offers  the  least  resistance. 
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4. 4, 4. 5.1.  Sliding  Resistance.  Sliding  resistance  is  a function  of 
the  unit  shearing  strength  at  no  normal  load  (cohesion)  and  the  angle 
of  friction  on  a potential  failure  surface.  It  is  determined  by 
computing  the  maximum  horizontal  driving  force  which  could  be  resisted 
along  the  sliding  path  under  investigation.  The  following  general 
formula  is  obtained  from  the  principles  of  statics  and  may  be 
derived  by  resolving  forces  parallel  and  perpendicular  to  the  sliding 
plane: 


Rr  - 


where 


V tan  (^  + ) + 


cA 


cosold  - tan  6 tanot  ) 


n) 


Rjj  » Sliding  Resistance  (maximum  horizontal  driving  force  which  can 
be  resisted  by  the  critical  path) 

i>  * Angle  of  internal  friction  of  foundation  material  or,  where 
applicable,  angle  of  sliding  friction 

V “ Summation  of  vertical  forces  (including  uplift) 

c ■ Unit  shearing  strength  at  zero  normal  loading  along  potential 
failure  plane 

A ■ Area  of  potential  failure  plane  developing  unit  shear  strength 


o*  “ Angle  between  inclined  plane  and  horizontal  (positive  for  uphill 
sliding) 


For  sliding  downhill  the  angle  is  negative  and  Equation  (1)  becomes: 


f 


V tan  (^  - ) + 


cA 

cos  oi  (1  + tan  ^ tano<  ) 


(A) 


When  the  plane  of  investigation  is  horizontal,  and  the  angle  o<  is  zero 
and  Equation  (1)  reduced  to  the  following: 


Rr  ■ V tan  ^ + cA 


(5) 
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4,4,4. 5. 2.  Downstream  Resistance.  When  the  base  of  a concrete  structure 
Is  embedded  in  rock  or  the  potential  failure  plane  lies  below  the  base, 
the  passive  resistance  of  the  downstream  layer  of  rock  may  sometimes  be 
utilized  for  sliding  resistance.  Rock  that  may  be  subjected  to  high 
velocity  water  scouring  should  not  be  used.  The  magnitude  of  the 
downstream  resistance  is  the  lesser  of  (a)  the  shearing  resistance 
along  the  continuation  of  the  potential  sliding  plane  until  it  daylights 
or  (b)  the  resistance  available  from  the  downstream  rock  wedge  along  an 
inclined  plane.  The  theoretical  resistance  offered  by  the  passive  wedge 
can  be  computed  by  a formula  equivalent  to  formula  (3): 


P 


P 


W tan  (^  + o<  ) + 


(6) 


Pp  « passive  resistance  of  rock  wedge 

W • weight  (buoyant  weight  if  applicable)  of  downstream  rock  wedge 
above  inclined  plane  of  resistance,  plus  any  superimposed  loads 

h ■ angle  of  Internal  friction  or,  if  applicable,  angle  of  sliding 
friction 

~ angle  between  inclined  failure  plane  and  horizontal 

c • unit  shearing  strength  at  zero  normal  load  along  failure 
plane 

A » area  of  inclined  plane  of  resistance 

When  considering  cross-bed  shear  through  a relatively  shallow,  competent 
rock  strut,  without  adverse  jointing  or  faulting,  W andcK  may  be  taken 
at  zero  and  45°,  respectively,  and  an  estimate  of  passive  wedge  resis- 
tance per  unit  width  obtained  by  the  following  equation: 

Pp  - 2 CD  (7) 

where 

D > Thickness  of  the  rock  strut 


4.4,4, 5. 3.  Safety  Factor.  The  shear- friction  safety  factor  is  obtained 
by  dividing  the  resistance  R^^  by  H,  the  summation  of  horizontal  service 
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loads  to  be  applied  to  the  structure: 


Ss-f  - Rr  (8) 

TT 

When  the  downstream  passive  wedge  contributes  to  the  sliding  resistance, 
the  shear  fruction  safety  factor  formula  becomes: 


Ss-f  “ Pp 

H 

The  above  direct  superimposition  of  passive  wedge  resistance  is  valid 
only  if  shearing  rigidities  of  the  foundation  components  are  similar. 
Also,  the  compressive  strength  and  buckling  resistance  of  the  downstream 
rock  layer  must  be  sufficient  to  develop  the  wedge  resistance.  For 
example,  a foundation  with  closely  spaced,  near  horizontal,  relatively 
weak  seams  might  not  contain  sufficient  buckling  strength  to  develop 
the  magnitude  of  wedge  resistance  computed  from  the  cross-bed  shear 
strength.  In  this  case  wedge  resistance  should  not  be  assumed  without 
resorting  to  special  treatment  (such  as  Installing  foundation  anchors) . 
Computed  sliding  safety  factors  approximating  3 or  more  for  all  loading 
conditions  without  earthquake,  and  1.5  including  earthquake,  should 
Indicate  satisfactory  stability,  depending  upon  the  reliability  of  the 
strength  parameters  used  In  the  analyses.  In  some  cases  when  the  results 
of  comprehensive  foundation  studies  are  available,  smaller  safety  factors 
may  be  acceptable.  The  selection  of  shear  strength  parameters  should 
be  fully  substantiated.  The  bases  for  any  assumptions;  the  results  of 
applicable  testing,  studies  and  Investigations;  and  all  pre-existing, 
pertinent  data  should  be  reported  and  evaluated. 
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